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ISOLATION AND PROPERTIES OF A RNA-DNA COMPLEX 
FROM ESCHERICHIA COLI CELLS 

I .  

N. S.  Vladychenskaya and V. S. Tongur 

RNA, not  s p l i t  by ribonuclease,  w a s  found i n  logarithmi- 
c a l l y  growing E. c o l i  c e l l s .  A prepara t ion  containing t h i s  
RNA and DNA behaves as homogeneous material i n  an u l t r a c e n t r i -  
fuge and gives a one-step fusion curve. It is  concluded t h a t  
t h i s  material is a RNA-DNA complex. The complex can be detec- 
ted by e i t h e r  t he  phenol o r  detergent  methods of i s o l a t i n g  
nuc le ic  acids .  
i n t o  two components, one of which i s  destroyed by ribonuclease.  
I n  c e l l s  taken i n  the  n in th  hour of growth t h e  complex t o  a l l  
i n t e n t s  and purposes i s  absent.  

During denaturat ion t h e  complex breaks down 

Natural  RNA-DNA complexes are of i n t e r e s t  because they can be formed i n  /484* 
the  syn thes i s  of RNA by DNA. 
DNA, now have been discovered i n  animal# [l-141, p l an t  [15-191 and b a c t e r i a l  
[20,21] cells  when using d i f f e r e n t  methods f o r  i s o l a t i n g  and inves t iga t ing  nu- 
c l e i c  ac ids  (processing with phenol o r  detergent ,  d i f f e r e n t i a l  u l t r acen t r i fug -  
ing ,  and chromatographic f r ac t iona t ion ) .  Data on the  proper t ies  of these  com- 
plexes ( r e s i s t a n c e  t o  nucleases ,  nucleot ide composition and metabolic a c t i v i t y  
of RNA, and i ts  p a r t i c i p a t i o n  i n  the  synthes is  of pro te in)  are r a t h e r  var ied  
and sometimes contradictory.  This probably can be  a t t r i b u t e d  t o  the  f a c t  t h a t  
as a r e s u l t  of the d i f fe rence  i n  t h e  objec ts  and methods used i n  t h e  mentioned 
cases ,  no t  e n t i r e l y  i d e n t i c a l  formations have been discovered. 

Such RNA complexes and f r a c t i o n s ,  associated with 

I n  logarithmically-growing E. c o l i  c e l l s ,  w e  have discovered RNA f r a c t i o n s  
which w e r e  i s o l a t e d  during phenol processing together  with DNA and which w e r e  
not s p l i t  by RNAase under conditlions of s p l i t t i n g  of ordinary RNA [22]. On the  
b a s i s  of a preliminary inves t iga t ion  of some proper t ies  of an unrefined pre- 
pa ra t ion  containing t h i s  RNA and DNA, we pos tu la ted  t h a t  t h i s  RNA i s  bound with 
DNA. This ypothesis  i s  i n  agreement with ava i l ab le  da ta  on the  u n s p l i t t a b i l -  2 . i t y  of RNA n a t u r a l  RNA-DNA complexes by RNAase [9,10,12,14,15,17,18]. 

A 

This paper presents  evidence 
bond between u n s p l i t t a b l e  RNA and 
complex. Study of such a complex 
very few d a t a  on t h e  ex is tence  of 
cells. 

i n  support of the  hypothesis that there is a 
DNA and descr ibes  some p rope r t i e s  of t h e i r  
is of a l l  t he  more i n t e r e s t  i n  t h a t  t he re  a r e  
RNA i n  a s soc ia t ion  with DNA i n  b a c t e r i a l  

*Numbers i n  the  margin i n d i c a t e  pagination of t he  o r i g i n a l  fore ign  t e x t .  
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Method 

Preparat ion of t h e  b a c t e r i a l  m a s s .  In this  work w e  used E. c o l i  bacteria, 
s t r a i n  B12. The b a c t e r i a  w e r e  cu l t i va t ed  i n  a D agar c u l t u r e  f o r  18 hours a t  
37"; then t h e  c u l t u r e  w a s  washed with a physiologic s o l u t i o n  and subcultured i n  
a l i q u i d  glucose-mineral medium [22]. The b a c t e r i a l  m a s s  w a s  co l l ec t ed  by cen- 
t r i f u g i n g ,  i n  most experiments a t  the  end of t h e  f i f t h  hour (logarithmic phase); 
i n  some experiments i t  w a s  co l l ec t ed  i n  the  n i n t h  hour of growth ( la te  s t a t i o n -  
a r y  phase). The b a c t e r i a  w e r e  s to red  i n  a frozen state. 

I s o l a t i o n  o f n u c l e i c  acids.  The p r inc ipa l  method f o r  i s o l a t i o n  w a s  the /485 
Georgiyev phenol method [23] ,  modified f o r  b a c t e r i a l  cells, i n  combination wi th  
deprotkinizat ion with chloroform by the Mamur method [24]. The b a c t e r i a l  m a s s  
w a s  unfrozen i n  a s o l u t i o n  of 0.14 M N a C l  containing 0.05 M sodium n i t r a t e .  A 
25% s o l u t i o n  of sodium dodecylsulfate  was added t o  the r e s u l t i n g  suspension t o  
a concentrat ion of 1%, and the mixture w a s  incubated f o r  10-15 minutes a t  37' 
f o r  l y s i s  of t h e  cells. Then, the  volume of t h e  so lu t ion ,  0.14 M N a C l  - 0.05 
M N a  c i t ra te ,  i n  the mixture w a s  reduced t o  5-10 t i m e s  i n  r e l a t i o n  t o  the 
weight of t h e  taken mass, an equal volume of phenol, pH 8.5, was  added, and t h e  
cold mixture w a s  shaken f o r  40 minutes. ( W e  omitted t h e  earlier employed [22] 
preliminary processing of t h e  l y s a t e s  with phenol, pH 6 ,  f o r  removing t h e  f r e e  
RNA because i n  the subsequent processing wi th  RNAase t h i s  RNA is  destroyed).  
The material w a s  centr i fuged f o r  45 minutes, cold,  a t  2,500 rpm; t h e  water lay- 
er w a s  co l l ec t ed  and washed wi th  an equal volume of a chloroform-isoamyl alco- 
h o l  mixture (24:l) w i t h  subsequent centrifuging. Washing with chloroform and 
isoamyl a lcohol  w a s  repeated u n t i l  t he  intermediate l a y e r  disappeared during 
centr i fuging.  The preparat ion,  containing RNA and DNA, deproteinized i n  t h i s  
way, w a s  p r e c i p i t a t e d  with a standard and dissolved i n  0.14 M N a C l  - 0.05 M Na 
c i t r a t e .  

The modified detergent  method f o r  i s o l a t i n g  nuc le i c  ac ids  [25] w a s  used i n  
a number of experiments. 
0.14 M N a C l  - 0.05 M N a  c i t ra te ,  a 1% concentration of a 5% alcohol  s o l u t i o n  of 
sodium dodecylsulfate  w a s  added and the-mixture  was'iricubated f o r  10-15 minutes 
a t  37'. 
concentrat ion,  t h e  mixture w a s  mixed f o r  15 minutes and centr i fuged a t  2,500 
rpm, cold,  f o r  two hours. The water layer  w a s  co l l ec t ed ,  the nuc le i c  ac ids  
w e r e  p r e c i p i t a t e d  by a s tandard and dissolved i n  0.14 M N a C l  - 0.05 M N a  ci- 
trate. 
form and isoamyl alcohol.  

The b a c t e r i a l  m a s s  w a s  suspended i n  5x i ts  volume of 

The forming g e l  w a s  mixed f o r  two hours,  d ry  N a C l  w a s  added t o  a 1 M 

In some cases the k b l a t e d  e x t r a c t s  also were deproteinized w i t h  chloro- 

The RNA and DNA f o r  the con t ro l  experiments w e r e  obtained by the phenol 
method [23]. 

P u r i f i c a t i o n  a n d p r o c e s s i n g  of t h e  i s o l a t e d  preparat ions wi th  RNAase. 
extracts o f  n u c l e i c  ac ids  after so lu t ion  i n  0.14 M N a C l  - 0.05 M N a  c i t ra te  
w e r e  deproteinized once o r  twice again w i t h  chloroform and isoamyl a lcohol  and 
processed w i t h  RNAase. RNAase (Worthington), f i r s t  heated i n  a hydrous solu- 
t i o n  f o r  10 minutes a t  75-85', w a s  added t o  the preparat ions i n  a quan t i ty  of 
20-50 pg/ml. 
pH 7. The preparat ions w e r e  pu r i f i ed  of RNA fermentative hydrolysis  products 

The 

Incubation w a s  f o r  45 minutes a t  37" i n  0.02 M phosphate bu f fe r ,  
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i n  6 5 0  Cephadex. The concentrat ion of nucleic  ac ids  w a s  determined spectro- 
photometrically a f t e r  hydrolysis  of a 0.5 N s o l u t i o n  of HC104 [26]. 

Acidic hydrolysis  of t he  preparat ions and chromatography of hydrolyzing 
agents. The method used is a modification of t h e  method described by S p i r i n  
and Belozerskiy [27]. Aliquots of pur i f ied  prepara t ions ,  i so l a t ed  from f r e e  
RNA, containing 500-100fug of nuc le ic  acids ,  w e r e  p r e c i p i t a t e d  with an equal 
volume of a 0.5 N so lu t ion  of HC104, washed w i t h  a 0.2 N so lu t ion  of HC104, al- 

cohol and ether and air-dr ied.  The dried p r e c i p i t a t e s  w e r e  hydrolyzed wi th  a 
70% so lu t ion  of HC104 i n  sea led  ampules i n  a bo i l ing  w a t e r  ba th  f o r  one hour. 

The hydrolysates  were appl ied t o  3MM Wattmann paper o r  Wattmann paper  1 and a 
chromatographic study w a s  made i n  the  system isopropanol-HC1-water (34:8:8) o r  
N-butanol-water (43:7) [28]. Spots were discovered i n  the  ultrachemiscope, 
e lu t ed  wi th  a 0.1 N s o l u t i o n  of HC1 (18 hours, 37") and t h e  o p t i c a l  dens i ty  of 
t he  e lua t e s  w a s  measured using a SF-4 spectrophotometer. 
bases w a s  computed by multiplying t h e  d i f fe rence  of absorpt ions a t  X 
290 mu by sca l ing  f a c t o r s ,  computed on the b a s i s  of da ta  given by Visc er and 
Chargaf f i n  [29]. 

The content of t h e  
and 

3 
Alka l i  hydrolysis  w a s  by t h e  Schmidt-Tannhauser method [ io ]  f o r  18 hours 

qfter hydrolysis ,  t h e  samples were neu- a t  37" wi th  a 0.5 N so lu t ion  of KOH. 
-+her r t r a l i z e d  w i t h  concentrated HC104, ~ iA6~concen t r a t ion  w a s  reduced i n  the  mixture 

t o  2.5% and the  mixture w a s  centr i fuged.  The p r e c i p i t a t e  w a s  washed, d r i ed ,  
and subjec ted  t o  ac id  hydrolysis  and chromatographic study, tas w a s  described 
above . 

Denaturation fus ion  curves. Fo; Genaturation, w e  used so lu t ions  of 
nuc le i c  ac ids  i n  a concentrat ion of 0.01 --0.1 and 0.005% ( fo r  u l t r acen t r i fug -  
ing ,  using sch l i e ren  and u l t r a v i o l e t  o p t i c a l  methods respec t ive ly)  i n  0.014 M 
N a C l  - 0.005 M N a  c i t r a t e .  The so lu t ions  w e r e  heated f o r  15 minutes a t  100" 
and cooled rapidly.  
t ed  fus ion  curves of t h e  heated and rapidly cooled preparat ions.  The fus ion  
curves of t h e  n a t i v e  preparat ions w e r e  obtained f o r  a 0.003% concentrat ion i n  
a 0.014 M N a C l  - 0.005 M N a  c i t ra te  so lu t ion .  
pa ra t ions  wi th  RNAase, and a l s o  t h e i r  ac id i c  hydrolysis  and chromatographic 
s tudy w e r e  ca r r i ed  out under t h e  same conditions as f o r  t he  na t ive  preparat ions.  

For checking the  completeness of denaturat ion,  w e  construc- 

The processing of denatured pre- 

Ul t racent r i fuging .  
Spinko Y e  u l t r a c e n t r i f u g e  a t  45,000, 50,000 and 56,000 rpm, using sch l i e ren  and 
u l t r a v i o l e t  o p t i c a l  methods. 
ac ids  i n  a concentrat ion of 0.01~--0.1%, i n  t he  second case -- i n  a concentra- 
t i o n  of 0.005%. 
u l t r a v i o l e t  o p t i c a l  method w e r e  subjected t o  pho5ogetric study using an auto- 
mat ic  MF-4 microphotometer. 
w i th  a Spinko L cent r i fuge  i n  a SW-30 ro tor  a t  37,000 rpm go? 2.5 hours. 
used s o l u t i o n s  of nuc le ic  acids  i n  a concentrat ion of 0.02,--0.06%. 
of 3-5 drops w e r e  d i lu t ed  by water to  3 m l  and t h e i r  o p t i c a l  absorpt ion w a s  
measured. 

Analyt ical  u l t r acen t r i fug ing  was  ca r r i ed  out  using a 

I n  the f i r s t  case we  used so lu t ions  of nuc le i c  

The f i lms  obtained during u l t r acen t r i fug ing  wi th  use  of an 

Centrifuging i n  a 4&--20% saccharose grad ien t  w a s  

Fract ions 
W e  
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Resul ts  and Their Discussion /486 - 
With processing lysed cells of E. c o l i ,  obtained i n  the logari thmic phase, 

with phenol, pH 8.5, we obtained e x t r a c t s  containing a l l  t h e  RNA and DNA c e l l s .  
The e x t r a c t s  were t r ea t ed  with RNAase and i s o l a t e d  from t h e  RNA hydrolysis  pro- 
ducts i n  Cephadex. The preparat ion processed and pu r i f i ed  i n  t h i s  way, i n  which 
the  RNA and DNA remained u n s p l i t ,  i n  our opinion is  a RNA-DNA complex. 

For t h e  purpose of confirming and re f in ing  the  d a t a  on the  content of un- 
s p l i t  RNA i n  the  inves t iga ted  mater ia l ,  obtained earlier when determining it  in  
an a l k a l i n e  hydrolysate  of t h e  unrefined preparat ion [22], w e  ca r r i ed  out  a 
chromatographic inves t iga t ion  of the postulated complex. 
phic  study of t he  ac id i c  hydrolysates of t h e  pu r i f i ed  preparat ions and prepara- 
t i ons  processed with RNAase, w e  discovered a spot  which on the  b a s i s  of its 
l o c a l i z a t i o n  and absorption sp’ectrum was  i d e n t i f i e d  as u r a c i l .  The presence of 
t h i s  spo t  w a s  e e d  by t h e  presence of u n s p l i t t a b l e  RNA i n  t h e  inves t iga ted  
material because on t h e  chromatograms of t h e  acid-insoluble p a r t  of t h e  pre- 
para t ions ,  t r e a t e d  with a 0.5 N so lu t ion  of KOH, only four  spo t s  w e r e  detected,  
corresponding t o  DNA bases,  and no spot  of u r a c i l  w a s  discovered (Table 1 ) .  
cording t o  spectrophotometric da t a  on the e lua t e s  of t h e  spo t s ,  the u r a c i l  con- 
t e n t  is 10-17% i n  conversion t o  thymine (Table 2 ) .  
s p l i t t a b l e  RNA, t h a t  is, t h e  quant i ty  of RNA i n  the  complex, averages about 15% 
of the  DNA. 
nonhomogeneity of t h e  material. 

I n  the  chromatogra- 

Ac- 

T h k ,  t he  content of an- 

The ex i s t ing  s c a t t e r  of da ta  apparently can be a t t r i b u t e d  t o  t h e  

TABLE 1. URACIL/THYMINE RATIO I N  PREPARATIONS OF NUCLEIC ACIDS TREA- 
TED W I T H  R N a  OBTAINED I N  DIFFERENT WAYS (ANALYTICAL DATA FOR THREE- 
FIVE PREPARATIONS). 

A 

U/T,  % 

Phenol i s o l a t i o n  method 

Same, a f t e r  a l k a l i n e  hydrolysis  

Same, a f t e r  denaturat ion and repeated 

Control mixture of RNA and DNA, t r ea t ed  wi th  phenol 

Phenol i s o l a t i o n  method, 8-hour cu l tu re  

Detergent i s o l a t i o n  method, 5-hour c u l t u r e  

treatment with RNAase 

14.7 

0 

0 

0 

2 (0-5) 

(11.0:-:12 3) 
11.6 

I n  o rde r  t o  demonstrate t h a t  the  formation of a bond between RNA and DNA 
wi th  t h e  formation of a complex is not  the r e s u l t  of treatment w i t h  phenol, w e  
formulated con t ro l  experiments f o r  c l a r i fy ing  t h e  inf luence  of phenol on t h e  
mixture  of f r e e  RNA and DNA. The so lu t ions  of DNA and EWAwere  mixed i n  
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TABLE 2. CONTENT OF URACIL (U) AND THYMINE (T) I N  PREPARATIONS 
OF NUCLEIC ACIDS (IN ~ ' M O L E - L O ~ )  v TREATED WITH RNAase. 

Bases 

U 
T 

U/T, % 

Data from analys is  of independent preparat ions 

11.2 5 .€I 6.4 6.7 1.1 2.7 4.8 2.0 

75.5 48.0 39.5 12.3 9.0 16.8 22.6 12.8 

14.8 10.4 16.2 13.8 13.3 16.0 17.5 15.7 

concentrat ions and r a t i o s  approximately corresponding t o  t h e i r  concentrat ions 
and r a t i o s  i n  t h e  experimental mixture and subjected t o  t h e  same treatment as 
the  inves t iga t ed  b a c t e r i a l  l y s a t e s  (shaking with phenol, chloroform and trea-/487 
tment with RNAase). The cont ro l  mixtures w e r e  hydrolyzed t o  the  bases and a 
chromatographic study w a s  made i n  an ac id i c  isopropanol o r  N-butanol. 
lowing combinations w e r e  used: T2-DNA and t o t a l  RNA from E. - -  c o l i ,  DNA of thy- 
mus and t o t a l  RNA f romg .  c o l i ,  DNA of thymus and RNA from rat  l iver*.  
could not  u se  DNA from E. c o l i  f o r  these experiments, because according t o  our 
da ta  i t  contained RNA). I n  a l l  cases ne i the r  u r a c i l  nor s p e c i f i c  absorption i n  
t h e  corresponding region could be detected on t h e  chromatograms (Table 1). 

The fo l -  

(We 

I f  t h e  detected complex is not  a product of phenol treatment,  it obvious- 
l y  should b e  detected a l s o  during t h e  extractdon of nuc le ic  ac ids  by a d i f f e r -  
e n t  method. 
c o l i  c e l l s  ( i n  the  "logarithmic" growth phase) by t h e  detergent  method**. The 
r e s u l t i n g  preparat ions w e r e  analyzed the same as those i s o l a t e d  by t h e  phenol 
method. It w a s  found t h a t  the  DNA obtained i n  t h i s  way a l s o  contains  RNA, un- 
s p l i t t a b l e  by RNAase, i n  a quant i ty  of 11.6% (Table 1 ) .  

For demonstration of t h i s  assumption, DNA w a s  i so l a t ed  f romg .  

The formation of t h e  RNA-DNA complex is dependent on t h e  material used: 
with use of t h i s  same phenol method no complex w a s  discovered i n  the  cells 
which w e r e  i n  the  l a te  s t a t iona ry  phase (Table 1 ) .  . 

Thus, t h e  r e s u l t s  of t he  cont ro l  experiments preclude the  p o s s i b i l i t y  t h a t  
t h e  de t ec t ed  complex is an a r t i f a c t .  . 

*The DNA of t h e  T2 bacteriophage w a s  provided f o r  u s  through t h e  kindness 
of F. L. Kiselev.  

**Analysis of t he  preparat ions obtained by the de tergent  method and i s o l a t -  
ed from the c e l l s  after n ine  hours growth, was  done by V. M. Kochkina, graduate 
of t h e  Department ,of P l an t  Biochemistry, Biology-Soils Faculty,  Moscow State  
Univers i ty .  
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Figure 1. Sedimentation Diagrams of t he  €&%-EA Complex. 
The Rzte of Rotor Rotation was 50,740 rpm. 
Legend: a = Native Preparation, Concentration 0.1%, T ime  
Af te r  Attaining Fu l l  Rate of Rotation *as 19 Minutes; b = 
Same, Concentration 0.01%, 25 Minutes; c = Denatured Pre- 
para t ion ,  Concentration 0.19%, 5 Minutes; d = Denatured 
Preparation, Treated with RNAase, Concentration 0.1%, 30 
Minutes. 

I n  order t o  c l a r i f y  t h e  problemxof the  degree of homogeneity of t h e  pos- 
t u l a t e d  complex w e  inves t iga ted  i t  i n  an u l t r acen t r i fuge .  
ing  w a s  done i n  an a n a l y t i c a l  u l t r acen t r i fuge ,  employing the  sch l i e ren  and 
u l t r a v i o l e t  o p t i c a l  methods, and i n  a preparation u l t r acen t r i fuge  i n  a sac- 
charose grad ien t .  
i n  t h e  experiment with a 0.005% concentration of nuc le ic  ac ids  s = 28s (Fig- 
u re s  l a  and l b ;  2a; 3a).  Independent sedimentation of RNA w a s  not observed, 
supporting the  be l i e f  t h a t  t he  RNA is  bonded t o  t h e  DNA. I n  addi t ion  t o  cen- 
t r i f u g i n g ,  w e  obtained a fus ion  curve f o r  the inves t iga ted  preparation (Figure 
4a). The one-step shape of t he  curve a l s o  ir,:’,icatea bonding of RNA with DNA: 
t h e  C~XVP, hzs 110 rise i n  t h e  region of fusion of f r e e  RNA, t h a t  is, u n s p l i t t -  
a b l e  RNA does not appear independently of DNA. The r e s u l t s  i n d i c a t e  t h a t  t h e  
material containing u n s p l i t t a b l e  RNA and DNA i n  a c t u a l i t y  is  t h e i r  complex. 
However, i t  is impossible t o  preclude the  hypothesis t h a t  not a l l  t he  DNA i n  
t h e  inves t iga t ed  prepara t ion  i s  bonded t o  RNA. I n  the  l a t te r  case i t  is pos- 
s i b l e  t o  assume t h e  presence of a mixture of DNA molecules and a DNA-RNA com- 
p lex ,  and the apparent homogeneity of t he  material can be a t t r i b u t e d  t o  t h e i r  
s t r u c t u r a l  s i m i l a r i t y .  

The u l t r acen t r i fug -  
/488 

I n  a l l  cases t h e  na t ive  complex was  sedimented i n  one peak, 

The p o s s i b i l i t y  of separa t ing  the RNA and DNA of t he  complex w a s  i nves t i -  
gated by hea t ing  i t  a t  100’ with subsequent rap id  cooling. W e  proceeded here  
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Figure 2. 
t h e  Time of Ultracentr i fuging of t h e  RNA-DNA Complex, Using the  
Ul t r av io l e t  O p t i c a l  Method, Concentration 0.005%. 
Legend: 
rpm, Time a f t e r  Reaching Fu l l  Velocity -- 20 Minutes; b = De- 
natured Preparat ion Treated with RNAase, a t  46,000 rpm, 1 4  Min- 
u t e s ;  c = Denatured; A = Microphotometer Readings. 

Curves of Optical  Density of Photo P l a t e s  Obtained a t  

a = Native Preparat ion,  R a t e  of Rotation of Rotor 45,000 

Figure 3. 
cent r i fuging  of RNA-DNA Complex i n  a Saccharise Gradient. 
c e n t r a t i o n  0.012%, Rate of Rotation of Rotor 37,000 rpm, 2.5 
Hours. 
Legend: 

Optical  Absorption curves Obtained During Ultra- 
Con- 

a = Native; b = Denahared; A = Fract ions.  

on the assumption t h a t  under such conditions t h e r e  is  a denaturat ion of the com- 
p l ex  wi th  t h e  re leas ing  of RNA. 
t i o n  we  obtained a fus ion  curve of t he  heated preparation. The curve had a 

For checking t h e  completeness of t h e  denatura- 

I489 shape t y p i c a l  f o r  denatured polynucleotides (Figure 4b). The denatured - 

7 



. 
, complex a l so  w a s  inves t iga ted  i n  an u l t racent r i fuge .  

Figure 4 .  
Legend: a = Native; b = Denatured Preparat ion,  
Concentration 0.1% during Denaturation and 0.003% 
during Fusion. 

Fusion Curves of RNA-DNA Complex. 

I n  t h e  f i r s t  series of experiments, w e  inves t iga ted  the  denatured prepara- 
W e  found two peaks on the sedimentation diagrams and on the  op- t i o n  d i r e c t l y .  

t i c a l  absorpt ion curves obtained during cent r i fuging  i n  a saccharose grad ien t  
(Figures IC and 3b). 
f i lms  obtained during cent r i fuging  with the  use  of t h e  u l t r a v i o l e t  o p t i c a l  me- 
thod, t h e r e  is an addi t iona l  rise which ind ica t e s  the presence of a second com- 
ponent i n  t h e  inves t iga ted  mixture (Figure 2c). The r a t i o  of t he  areas of t h e  
peaks obtained on the  saccharose f r ac t iona t ion  curve corresponds approximately 
t o  t h e  e s t ab l i shed  RNA-DNA r a t i o  i n  the  complex. 

On t h e  curves obtained a f t e r  photometric study of t h e  

I n  t h e  second series of experiments, t he  denatured complex w a s  centr i fuged 
a f t e r  t reatment  with RNAase. I n  this case, one of t h e  peaks on t h e  sedimenta- 
t i o n  diagrams and the  add i t iona l  rise on t h e  curves obtained during t h e  photo- 
metric s tudy  of t h e  f i lms obtained i n  t h e  u l t r a v i o l e t  both disappeared (Figures 
I d  and 2b). 

The experiments i n  u l t racent r i fuging  denatured preparat ions w e r e  ca r r i ed  
ou t  wi th  chromatographic controls .  The chromatograms of preparat ions f i r s t  de- 
na tura ted  and then t r e a t e d  wi th  RNAase revealed no spo t s  of u r a c i l .  

Thus, t he  r e s u l t s  of experiments with a de a ura ted  preparat ion obviously 
i n d i c a t e  t h a t  during denaturat ion there  is a &eey of t h e  complex i n t o  RNA and 
DNA. 

b akwa 
The RNA released i s  destroyed by ribonuclease.  

I n  o rde r  t o  obxtain some information on the  na tu re  of RNA en ter ing  i n t o  a 
complex wi th  DNA, w e  determined t h e  presence of t h i s  RNA i n  a b a c t e r i a l  c e l l  i n  
dependence on i t s  physiological  state. For t h i s  purpose, t he  quant i ty  of 
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u n s p l i t t a b l e  RNA w a s  determined i n  t h e  c e l l s  of E. c o l i  obtained i n  t h e  n in th  
hour of growth, t h a t  is, i n  t h e  l a t  s ta  ionary phase. It w a s  found t h a t  i n  

with DNA is 2%, while  i n  seven deter-  t h i s  case t h e  mean quant i ty  of RNA 
minations of t he  twelve made f o r  t h ree  prepara t ions , th i s  RNA was not  detected 
a t  a l l  (Table 1). Obviously, t h e  exis tence of a complex is associated with the  
s ta te  of c e l l  growth. The absence of RNA in complex with DNA i n  c e l l s  i n  t h e  
s t a t iona ry  phase of growth, when t h e  r a t e  of syn thes i s  processes is lowered, 
makes i t  poss ib le  t o  surmise t h a t  t h i s  RNA fs i n  t he  process of synthes is ,  which 
possibly is caused by ex is tence  of t h e  complex i t s e l f .  

&&$& 

The t o t a l i t y  of these  da t a  apparently ind ica t e s  t he  ex is tence  of a RNA-DNA 
complex i n  c e l l s  of E. c o l i  i n  t h e  logarithmic growth s tage.  The conclusion 
drawn is i n  agreement with t h e  d a t a  given by Smith i n  [21], who discovered a 
DNA-RNA complex during cent r i fuging  of t h e  DNA of E. c o l i  i n  a cesium chlor ide  
medium. 

Conclusions 

I RNA, not  s p l i t  by ribonuclease,  was  found i n  logar i thmica l ly  growing E. 
c o l i  cells. 
material i n  an u l t r a c e n t r i f u g e  and gives a one-step fus ion  curve. 
cluded t h a t  t h i s  material is  a RNA-DNA complex. 
e i t h e r  t he  phenol o r  detergent  methods of i s o l a t i n g  nuc le ic  acids .  
na tu ra t ion  the  complex breaks down i n t o  two components, one of which is  des- 
troyed by ribonuclease.  
t o  a l l  i n t e n t s  and purposes is absent. 

A prepara t ion  containing t h i s  RNA and DNA behaves as homogeneous 
It is  con- 

The complex can be detected by 
During de- 

I n  c e l l s  taken i n  the  n in th  hour of growthsthe complex 

I conclusion, w e  express appreciat ion t o  Doctor of Biological  Sciences 
V. 0. 3 i k i t e r  f o r  a s s i s t ance  i n  carrying out  t h e  u l t r a c e n t r i f u g e  experiments. 
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ISOLATION A N D  PROPERTIES OF RNA - DNA COMPLEX 
FROM E S C H E R I C H I A  COLI 

N .  S .  W L A D Y T C H E N S K A Y A  and V .  S. T O N O U R  

Institute of Biological and Medical Chemislry Academy of Medical Sciences of the 
, U S S R f l o s - r  u Y 

The RNA fraction, resistant to RNAse, is found in logarithmically growing E. coli 
*vi is .  A ijiepiiiz!icn, ccn!?Inlng this RNA and DNA, behaves as homogeneous material 
in ultracentrifuge and has  one-step-shaped melting curve. A conclusion is made that 
this material is RNA -DNA complex. This complex can be observed when nucleic acids 
are extracted cither with phenol or  detergent. After denaturation the RNA - DN.4 com- 
plex gives t\vo components, one or thein digested with riborwclease. In 9-hour old cul- 
ture this complex is no longer observed. 


